Abstract: This paper proposes a new control synthesis method for a class of discrete event systems modeled by controlled ordinary Petri nets with linear marking constraint. Monitor is constructed to track the system state resulted from the uncontrollable firing sequences. The maximally permissive feedback control policy then can be obtained based on the making of the monitor. No non-convex constraint transformation is introduced in the design procedure. The method is capable of synthesizing a class of net that cannot be treated using previous methods due to some necessary restrictions. Copyright © 2002 IFAC 
INTRODUCTION
Petri net (PN) is an important tool to synthesize discrete event systems (DES) due to its advantages such as graphical, distributed representation of the system state and the computational efficiencies. From the control standpoint, the controller or supervisor of DES can be distinguished between mapping one, whose control law is a function computed after each new event generated by the system, and compiled one, whose control law is presented as a DES structure (Giua, 1996) . A mapping controller has been designed by Krogh (1990, 1991) to solve the forbidden state problem of safe cyclic marked graphs. Boel et al (1995) have obtained the mapping controller to address the same problem in the setting of state machines. For the control of vector DES, Li and Wonham (1994) presented an integer linear programming method to compute the mapping controller. Giua et al (1992) and Moody and Antsaklis (2000) used P-invariant method to construct a compiled controller to enforce linear marking constraint, while the controller enforcing the same constraint was obtained by Chen (2000) based on the concept of S-decrease. When design a compiled controller to enforce the given constraint, the constraint usually has to be transformed into another one in order to account for uncontrollable transitions. Moody and Antsaklis (2000) and Cho and Kwon (1998) have proposed some transformation methods.
The ordinary PN model of DES considered here is able to model both of the resource conflict and process synchronization. The restrictions against PPC (precedence path condition) and PPIC (precedence path input condition) Krogh, 1990, 1991; Boel et al, 1995) are relaxed in this paper. In addition, the method presented here does not need any non-convex constraint transformation in order to deal with the firing of the uncontrollable transitions. The controller designed in this paper is a mapping one, but it exploits the advantage of compiled controller.
The remainder of this paper is organized as follows. Section 2 introduces some foundations of the controlled ordinary Petri nets and control constraint. The construction method of monitor is given in section 3. Section 4 presents the control synthesis policy to satisfy the control constraint. In the last section, the conclusion is given. represents the only transition associated to the control place c, and (c) t denotes the only control place associated to t. 
where |¨| denotes the cardinality of a set.
The control constraint enforced in this paper is a linear marking constraint, which has the following form
where coefficient l i is a non-negative integer,
is the marking of place p i , b is a positive integer constant and n is the number of the places in the net. For convenience, the notation M C (m) is sometimes used to denote the value of left side of (1) The main purpose in this paper is to seek a control policy U ⊆ ¦ to make the constraint (1) be always satisfied. A marking m is said to be admissible if max[M C (m)] is not bigger than b under u zero and the set of admissible marking is denoted as Ω . The control policy U is a state feedback policy that maps every m∈ Ω to a set of controls U(m). For two control policies U 1 and U 2 , U 1 is said to be more permissive than U 2 , denoted as U 1 >U 2 , if
The following definitions are about the places involved in the constraint (1) and their associated transitions.
Definition 1: The place in the constraint inequality (1) is named as constrained place. The entire constrained places constitute constrained place set, denoted by C p , that is,
Definition 2: The set of input transitions for the entire constrained place set C p is said to be input constrained transition set, denoted by
Definition 3: The set of output transitions for the entire constrained place set C p is said to be output constrained transition set, denoted by
Definition 4: The set of transitions denoted by CC t is said to be common constrained transition set, if its entry t satisfies t∈
Definition 5: Given the input constrained transition set
CC is said to be pure input constrained transition set. Definition 6: Given the output constrained transition set
be pure output constrained transition set.
According to the controllability of transitions, Example 1: Consider the Petri net illustrated in Fig.1 
CONSTRUCTION OF MONITOR
This section describes how to construct a monitor to track the state of the constrained places. At first, influence path is constructed to account for the firing of uncontrollable transitions.
Influence Path
The concept of influence path in this paper is different with the ones in (Holloway and Krogh, 1990; Boel et al, 1995) . The influence path (IP), which is not existent in the plant, can be regarded a copy of precedence path (PP) in the sense of construction. A path π =(t 1 p 1 t 2 p 2 t n-1 p n-1 t n ) defined in this paper is a string of nodes such that both of the beginning and end nodes are transitions and
where x is a node and
Definition 7: Given an uncontrollable input constrained transition t∈ (t) C u-pure-t , a precedence path t π is a path such that:
A PP t π for t has only one controllable transition t n , and t n is called to be the (unique) controllable transition of t π . The case that t n is uncontrollable is not considered here since this case will lead to the uncontrollability of the plant (Boel et al, 1995) or has no influence on the decision of control policy.
For a given transition t∈ (t) C u-pure-t , it may have more than one PP. These paths are joined at some places or transitions, and these places or transitions are called to be joining nodes. The set of precedence paths for t is denoted as The transitions t ip-k and t ip in IP are associated to the so-called 'always occurring' events (denoted as e) (David and Alla, 1994) . These transitions are fired as soon as it is enabled, and can be regarded as a kind of uncontrollable transition. Thus the lemma is proved. 
Monitor
2) For any conflict, if not all the transitions involved in it is controllable, there is at most one transition in some PP.
The TCC ensures that the firing of any transition
∏ will result in the reduction of same firing times of t. Note that a conflict in which all the involved transitions are controllable does not violate the TCC. The PP set considered in this paper is assumed to satisfy the TCC.
Algorithm for construction of the monitor
Step 1: For each t∈ ) (t t pure C − , draw an arc from the monitor place m p to t. The weight function w of the arc satisfies:
where i l is the coefficient of
Step 2: For each t∈ 
Proof: From Corollary 2.1, the proof is trivial. 
Algorithm for control
Step 1: Search a candidate set ) (m Ψ . The k-enabled 
Step 2: Determine U(m). transitions that should be disabled is determined in such a way that after enabling any already disabled t n , t will be enabled and fire more than t K times.
From the detailed steps of the control algorithm, it is easy to prove the following theorem. 
CONCLUSION
This paper has addressed the control synthesis problem for a class of DES modeled by a more general CtlPN whose control specification is described as a place marking inequality. The net can model resource conflict as well as process synchronization. The uncontrollable marking from which the control constrain may be violated is tracked by a monitor. The monitor is constructed based on the concepts of precedence path and influence path. A maximally permissive control policy has been obtained based on the monitor state. Some restrictions such as PPC (PPIC) needed by previous work are relaxed in this paper. So the control algorithm described above is capable of dealing with PPIC in some cases. Though the method has a characteristic of compiled controller in acquiring system state, it does not involve a non-convex constraint transformation that is usually unavoidable in the compiled controller when there are some uncontrollable transitions in the net. In the future, it is necessary to extend the method to a non-ordinary PN.
